-and from sub-Antarctic Marion Island (n = 4) and the Falkland Islands (n = 7), were 124 included. Tissue samples were preserved in the field in 96% ethanol, and later dried at 60°C 125 for several hours before being placed in ziplock bags containing silica gel beads. 126
127

DNA Extraction 128
DNA was extracted using the MoBio PowerPlant Pro kit (MoBio, Carlsbad, CA). Brown 129 algal (phaeophycean) tissue can contain polysaccharides that interfere with PCR and DNA 130 digestion, and initial screening of extractions indicated low-purity DNA, so modifications to 131 the extraction protocol were made, as follows. A small (~ 1 mm 2 ) fragment of dried kelp 132 tissue was softened by soaking in 400 µl dH2O for two hours at 60°C. Samples were then 133 vortexed in tubes containing steel beads for up to two minutes. PowerPlant PD1, PD2 and 134
RNase A solutions were added according to the manufacturers' instructions. Samples were 135 vortexed briefly, incubated at 65°C for ten minutes, and vortexed again for up to two 136 minutes. 100 µl isopropanol was added to limit precipitation of DNA. Subsequent steps were 137 as per manufacturers' protocols, with final elution in 50 µl PD7 solution. Extracted DNA 138 appeared to still contain some alginates, so samples were further purified using the MoBio 139
PowerClean Pro kit (MoBio, Carlsbad, CA). DNA concentrations were assessed using a 140 Qubit 2.0 Fluorometer and dsDNA High Sensitivity assay (Life Technologies). Each sample 141 yielded a total of 30-50 ng DNA. 142
143
SNP Analysis 144
Genotyping-by-sequencing library preparation followed the protocols of Elshire et al. 
5'CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCT 158
TCCGATC*T (where * indicates phosphorothioation). PCRs were run in an Eppendorf 159
Mastercycler Nexus under the following conditions: 72°C for 5 min, 95°C for 60 s, and 24 160 cycles of 95°C for 30 s, 65°C for 30 s, and 72°C for 30s, with a final extension step at 72°C 161 for 5 min. Library concentrations for each sample were assessed using a LabChip GXII 162 unique sample-identifying barcodes (a concatenation of the partial barcodes on the R1 and R2 174 ends of each read) were replaced on both ends of the reads using custom Python scripts (see 175
Supporting Information) for subsequent processing via TASSEL UNEAK, with default 176 parameters, apart from: restriction enzyme (PstI), minimum number of tags required (5), 177 error-tolerance rate (0.03), minimum/maximum minor allele frequencies (MAF of 0.05 and 178 0.5), and minimum/maximum call rates (0 and 1). The UNEAK pipeline does not require a 179 reference genome as it uses network analysis and χ2 tests to filter matched sequence tags to 180 remove most errors and paralogs (as described in detail by Lu et al. 2013 
Phylogenetic Analyses 197
The sites in SNP alignments generated from random restriction enzyme digests, and aligned 198 in the absence of a reference genome, are undoubtedly evolving at a variety of rates (see 199 Introduction), and this variation should be taken into account in any phylogenetic estimation 200 efforts. The most common approach to account for rate heterogeneity in an alignment is to 201 model site-specific rates with a gamma distribution. However, alternative approaches, 202 whereby rates are free to vary without being constrained by a pre-specified distribution, have 203 been shown to out-perform the discrete gamma model ( As well as including FreeRate models in our analysis to determine the optimal model of 230 evolution, we examined the effects of potential rate heterogeneity among sites by running an 231 additional analysis without the inclusion of a gamma rate distribution (i.e., with an 232 evolutionary model of GTR+ASC compared to GTR+G4+ASC, above). As above, we ran 233 the software in full mode with 10,000 bootstraps. Our aim was to determine the potential 234 effect of rate variation among sites on our final tree topology. we determined in IQ-TREE that the full dataset contained a total of 40,912 parsimony-239 informative sites. We reduced the dataset to retain only these sites as, although including full 240 sequences can help to improve phylogenetic inference of branch lengths (Leaché et al. 2015) , 241
we were primarily interested in tree topology for which only parsimony-informative sites are 242 needed. We used a series of bash commands to randomly extract sites, creating six SNP 243 datasets of lengths: 400, 1,000, 1,500, 2,000, 4,000, and 10,000, and retaining the original 244 dataset of 40,912 parsimony-informative sites (see Supporting Information for commands). 245
Ten random datasets were generated for each SNP length and each was then run through our 246 IQ-TREE pipeline, as outlined above. From each final phylogenetic tree estimate generated, 247 we extracted the bootstrap value for the node that first connected a D. chathamensis 248 individual to a sister D. antarctica individual (see Fig. 3 ). We also assessed whether the 249 overall phylogeny generated was consistent with the results from both the full dataset of 250 75,712 SNPs, and the full parsimony-informative dataset (40,912 SNPs), generating for each 251 implied by the first tree but not the second tree, and B is the number of data partitions implied 261 by the second tree but not the first tree. Rather than examining particular clades in isolation, 262 the RF metric takes all tree splits into account. We retrieved the range of RF distances within 263 each set of ten trees for the seven datasets, as well as the range of RF distances between the 264 six reduced-length SNP datasets and the full parsimony-informative dataset. In this way, we 265 determined the phylogenetic error associated with SNP choice; to determine the error 266 associated with phylogenetic construction, we performed a final test, taking one SNP file 267 from each of the ten variously-sized SNP datasets created previously, and running IQ-Tree on 268 that input file over ten replicates. We then calculated the RF distance between all ten trees 269 resulting from each same starting SNP file to assess phylogenetic error for each reduced-270 length SNP dataset and for the full parsimony-informative dataset, as outlined above. generating a species tree for all the samples in our dataset. We generated an input xml file 279 based on a binary file of the 75,712 SNPs (i.e., recoded with 012 coding), and used default 280 settings to run SNAPP. We ran the analysis for 10,000,000 MCMC generations and ensured 281 convergence of the resulting output log file using Tracer ver. 1.6 282 (http://tree.bio.ed.ac.uk/software/tracer/). We then visualised the posterior distribution of 283 species trees produced, using the DensiTree package associated with BEAST2, and looked 284 for evidence of introgression among taxa. (Fig.  298 2). These analyses also revealed strong spatial genetic differentiation, with distinct 299 geographic localities within each of the major groupings represented by distinct genotypic 300 clusters (Fig. 2) , and with phylogeographic partitioning for both species among sites on 301
Chatham Island. 302
303
Phylogenetic Uncertainty 304
Our analysis of rate variation among sites (see Methods) showed there to be no difference -305 other than minor differences in branch lengths -in topology from phylogenetic analyses with 306 and without the gamma distribution included in our evolutionary model (Fig. 2) . 307
308
The results of our phylogenetic bootstrapping analyses among reduced-length datasets of 309 only parsimony-informative sites are presented in Fig. 3 , where the bootstrap value 310 connecting D. chathamensis to its sister clade of D. antarctica can be seen for each of our 311 SNP datasets. In Figure 5 , the number out of ten replicates for which the topologies returned 312 D. chathamensis as a monophyletic group is indicated. If we consider the full parsimony-313 informative dataset (40,912 sites) to have provided the putatively most accurate phylogenetic 314 estimate (we feel this is reasonable, as the topology matches that from our full analysis of 315 75,712 sites, where monophyly of D. chathamensis is supported: Fig. 2 ), then these results 316 can be seen to reveal a large degree of uncertainty in bootstrap support for the node 317 connecting D. chathamensis to its sister D. antarctica clade for SNP datasets less than 10,000 318 characters in length (Fig. 3) . However, even when bootstrap support at a given node is high, 319 obtaining a tree topology consistent with the full dataset (i.e. returning monophyly of D. 320 chathamensis) does not necessarily follow (Fig. 5) . For example, although the mean bootstrap 321 support connecting D. chathamensis and D. antarctica exceeded 90% for datasets of >2,000 322 SNPs, the topology only resolved D. chathamensis as monophyletic for 6/10, 6/10, and 7/10 323 replicates for SNP datasets of length 2,000, 4,000, and 10,000, respectively (Figs. 3 and 5) . between the trees generated with replicates of the 10,000 SNP datasets reached as high as 334 100, and for the 400-SNP datasets, reached as high as 138 ( Table 2) . As well as within-335 dataset uncertainty, our analyses identified a high degree of between-dataset uncertainty. For 336 example, the shorter 10,000 SNP datasets resulted in trees that differed by up to 82 partitions 337 from those generated with the full parsimony-informative dataset (Table 2 ). In our final RF 338 tests examining error with respect to phylogenetic replication, we found that RF distances 339 were higher for phylogenetic trees produced from the same input SNP file when that input 340 file had a smaller number of SNPs. For example, the RF distance ranged from 8-80 for 341 replicated phylogenetics generated from a single 400-SNP input file, and from 0-14 for a 342 single 40,912-SNP input file ( Table 2) . As a result, a high degree of topological uncertainty 343 exists with respect to both the number of SNPs utilised in the phylogenetic analysis, and the 344 phylogenetic algorithm itself, although in each case, phylogenetic estimates become more 345 robust / similar as the number of parsimony-informative SNPs increased. 346
347
Introgression 348
Our SNAPP analysis resulted in a species tree that showed no support for introgression 349 between Chatham Island populations of D. chathamensis and D. antarctica (Fig. 6) . 
Non-targeted SNP data for species delimitation 353
Our results confirm that SNP data from non-targeted approaches such as GBS have great Our results emphasize, however, the need to be cautious when analysing SNP data and 384 interpreting the resultant phylogenies. Results varied drastically depending on the number of 385
SNPs included in our reduced-length, parsimony-informative site analyses (Fig.s 3 and 5) , 386 and these conflicting topologies often received high bootstrap support (Fig. 3) . Substantial 387 phylogenetic conflict between replicate ML analyses was particularly apparent for datasets 388 with relatively few SNPs. Indeed, when analyses included 10,000 SNPs or fewer, D. 
